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A Vaccine Against Cholesterol to Prevent Hvpercholesteroleniia 
And Atherosclerosis 



1. GOVERNMENT INTEREST 

The invention described herein may be manufactured, licensed and 
used by or for governmental purposes without the payment of any royalties 
to us thereon. 

n, RELATED APPLICATTONfS^ 

This application is a continuation-in-part of U.S. Patent Application 
Serial No. 07/444,214 filed December 1. 1989, which in turn is a 
continuation-in-part of U.S. Patent Application Serial Number 06/875,048 
filed June 2, 1988. Additionally, the application is a continuation-in-part of 
U.S. Patent Application Serial No. 07/601,090 filed October 22. 1990, 
which in turn is a continuation-in-part of U.S. Patent Application Serial No. 
07/202,599 filed June 2, 1988 now U.S. Patent No. 4,885.256 issued 
Decembers, 1989. 

HI, FIELD OF THE INVENTION 

This invention relates to immunoreactive compositions for 
immunizing or hyperimmunizing humans against cholesterol and more 
particularly to the use of these compositions in methods for reducing the 
serum cholesterol levels of the immunized individuals and to retard or 
reduce the severity of atherosclerosis or atherosclerosis plaques caused by 
ingestion of dietary cholesterol or by other factors. 



SUBSTITUTE SHEET 



PCr/US91/09268 



2 

IV. BACKGROUND OF THE INVENTION 

It is widely believed that high levels of serum cholesterol are a 
significant causative effect in the pathogenesis of atherosclerosis and 
associated diseases such as atherosclerotic coronary heart disease, 
atherosclerotic cerebral vascular disease, renal disease, etc. It is also 
believed that lowering of blood cholesterol levels is associated with 
amelioration of atherosclerotic vascular diseases (Goodman, D.S. et al.. 
Report of the national cholesterol education program expert panel on 
detection, evaluation, and treatment of high blood cholesterol in aduhs. 
Arch. Intern. Med. 148:36-69, 1988; Kromhout, D. et al.. Serum 
cholesterol and 25-year incidence of and mortality from myocardial 
infraction and cancer. The Zu^hen Study. Arch. Intern. Med. 148:1051- 
1G55, 1988). In 1984, a National Institutes of Health consensus 
development conference panel recommended a framework of detection and 
treatment of hypercholesterolemia. Based on this the National Cholesterol 
Education Program has made the well-known recommendation to adults: 
**Knowyour cholesterol number" (Luepker, R.V, et al., Recommendations 
regarding public screening for measuring blood cholesterol. Summary of a 
National Heart, Lung, and Blood Institute Workshop, October 1988. Arch. 
Intern. Med, 149:2650-2654, 1989). 

The major methods recommended for achieving reduced serum 
cholesterol levels are through reduction of dietary intake of cholesterol and 
other fats, and treatment of hypOT:hblesterolemic individuals with drugs 
designed to lower blood cholesterol. The blood cholesterol levels are 
particularly associated with homeostatic mechanisms related to levels of 
plasma lipoproteins that serve as carriers of cholesterol. The dangerous 
lipoproteins, from the standpoint of atherosclerotic risk are the low density 
lipoprotdns (LDL), and the levels of LDL are regulated by the functional 
activities of LDL receptors on the surfaces of cells, particularly in the liver 
(Brown, M.S. and Goldstein, J.L. A receptor-mediated pathway for 
cholesterol homeostasis. Science 232:34-47, 1986). Many of the strategies 
for using drugs to reduce blood cholesterol involve interference with the 
processing of cholesterol derived from LDL (Brown and Goldstein, 1986). 
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The extent that cholesterol can be reduced by diet is limited by numerous 
factors, and the reduction of cholesterol by drugs could be associated with 
side effects of the drugs as well as cost. In any case, a variety of additional 
variables can influence cholesterol levels, such as genetic background, 
stress effects, and age. Additional methods for reduction of cholesterol 
might be expected to have beneficial health effects, particularly in 
individuals who might receive such treatment before significant progression 
of atherosclerotic disease has occurred 

The present invention describes the use of a vaccine formulation that 
would be used to immunize humans against cholesterol and thereby lower 
the concentration of serum cholesterol, either by itself or in combination 
with other methods commonly used to lower cholesterol. A variety of 
immunization procedures might be used to induce antibodies to cholesterol, 
and the presence of antibodies to cholesterol would be detected either by a 
solid-phase inmiunoassay using crystalline cholesterol or a cholesterol 
conjugate or by a complement-dependent assay such as complement- 
dependent immune damage to liposomes containing cholesterol as taught by 
Swartz et al. [Antibodies to cholesterol Proc, Nat. Acad. Sci. 85:1902- 
1906, 1988] and Alving et al. [U.S. Patent No. 4,885,256 issued 5 
December 1989], 

To our knowledge, humans have never been actively immunized 
against cholesterol and the safety of doing this, as well as the potential 
consequences relating to serum cholesterol levels or progression of 
atherosclerosis due to intake of dietary lipids, has not been established. It 
has been demonstrated that human sera usually do contain varying 
quantities, depending on the individual serum, of "naturally-occurring** 
antibodies to cholesterol [Alving et al., Naturally occurring autoantibodies 
to cholesterol in humans. Biochem. Soc, Trans. 17:637-639 (1989)]. 
However, there has not been any correlation of such naturally-occurring 
antibodies with semm cholesterol levels or with atherosclerosis. 

The possibility has been discussed that naturally-occurring 
antibodies to cholesterol might be a normal part of the aging process and 
might contribute to (ratiier than ameliorate) atherosclerosis (Alving, C.R. 




wo 92/10203 PCT/US91/09268 



Antibodies to liposomes^ phospholipids, and cholesterol: Implications for 
autoimmunity, atherosclerosis, and aging. In: Horizons in Membrane 
Biotechnology, Nicolau. C and Ch^nnan, D., editors, Wiley-Liss, pp. 41- 
41, 1990). The possible dangers of injecting liposomes containing 
5 cholestCTol into animals containing antibodies to cholesterol have been 

illustrated by anaphylactoid effects observed by Wassef et al. 
[Anaphylactoid reactions mediated by autoantibodies to cholesterol in 
miniature pigs. J. Immunol. 143:2990-2995 (1989)]. Therefore it is not 
obvious that this invention could have practical use in humans. 

10 Nonetheless, the potential feasibility of this invention as a possible safe and 

effective vaccine against cholesterol has been demonstrated by experiments 
in humans in which repeated injections of a candidate liposomal anti- 
malarial vaccine tiiat contained cholesterol did result in the production of 
antibodies to cholesterol. This is clearly indicated in a U.S. Patent 

15 Application Serial No. 07/601,090 entitled: "Encapsulated High- 

Concentration lipid A Compositions as Immunogenic Agents To Produce 
Hunaan Antibodies To Prevent Or Treat Gram-negative Bacterial Infections" 
by Alving and Swartz filed on 22 October 1990, In that disclosure, the 
example shown in Rgure 9 therein clearly demonstrates that antibodies to 

20 cholesterol can be safely induced in certain individuals. The present 

invention utilizes an antigen tiiat produces higher and more consistent 
antibodies than in the previous anti-malarial disclosure, and produce such 
antibodies for the purpose of preventing diet-induced serum cholesterol 
elevations and atherosclerosis. 

25 

Although we have not found in the prior art any teaching relating to 
immunization of humans with cholesterol, in the literature there has been 
one attempt described to try to ameliorate hypercholesterolemia and 
atherosclerosis in rabbits by immunological means. Bailey et al. 

30 [Immunization with a synthetic cholesterol-ester antigen and induced 

athOT)SClerosis in rabbits. Nature 201:407-408 (1964)] immuni zed rabbits 
with an antigen consisting of cholesterol conjugated to bovine serum 
albumin. Bailey et aL stated diat the "mean antibody titre measured by an 
interfacial precipitation technique was 1:7000", but there was no attempt to 

35 produce or to measure antibodies that had specificity against cholesterol. 

The assay antigen consisted of the original conjugate, not cholesterol either 
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alone or as part of another conjugate. At no place did Bailey et al, teach that 
they had induced antibodies to cholesterol, and they did not teach that 
antibodies to cholesterol could have been produced or that such antibodies 
might have played a role in the lowering of serum cholesterol levels or 
5 amelioration of atherosclerosis. 

Bailey et al. did observe a reduced hypercholesterolemia and less 
aortic plaque formation in the immunized animals that were fed a 
cholesterol-rich diet. However, in the absence of further information the 

10 antibody titer could have been entirely directed against the bovine serum 

albumin component and the cholesterol-albumin conjugate might simply 
have lowered cholesterol through nonspecific mechanisms, such as by 
nonspecific adsorption or serum cholesterol by the albumin. This latter 
explanation could be supported by the fact that albumin has a considerable 

15 degree of hydrophobicity and can be used as a reagent to promote solubility 

of cholesterol in an aqueous medium such as serum. The disclosure by 
Bailey et al. is too insufficient to draw any immunological conclusion 
regarding the role, if any, that antibodies to cholesterol may have played in 
the experimental results. It is probably because of this that Bailey et al. did 

20 not teach any such role. 

V. SUMMARY OF THE INVENTION 

This invention consists of a vaccine which is effective in 
25 immunizing humans against cholesterol. The purpose of this would be to 

reduce the serum cholesterol levels of the immunized individuals and to 
retard or reduce the severity of atherosclerosis or atherosclerosis plaques 
caused by ingestion of dietary cholesterol or by other factors. The vaccine 
would consist of a formulation containing cholesterol or cholesterol and 
30 phosphatidyl choline; or cholesterol and dimyristoyl phosphatidyl choline 

together with a suitable delivery vehicle and may also contain a suitable 
adjuvant. The relative molar ratio between the cholesterol and phosphatidyl 
choline or dimyristoyl phosphatidyl choline is witiiin the range of 1:1 to 
1:2.5. An example of a suitable formulation would be liposomes containing 
35 phosphatidylcholine, cholesterol, and lipid A in molar ratios of liposomes 

containing phosphatidylcholine, cholesterol, and lipid A in molar ratios of 
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IfSIOJQl (where the molarity of lipid A is based on the molarity of 
phosphate in native lipid A). TMs ratio is not necessarily critical, because 
other ratios might be successful in accomplishing the same result DeKveiy 
vehicles other than liposomes would also be suitable, including 
5 microcapsules, microspheres, lipospheres, polymers, and slow release 

devices could serve instead of liposomes. An experiment in rabbits has 
demonstrated that the stipulated vaccine does ameliorate diet-induced 
elevations of serum cholesterol 

10 

VI. BRIEF DESCRIPTION OF THE DRAWING 

A more coniplete appreciation of the invention and many attendant 
advantages thereof will be readily obtained by reference to the following 
15 DETAILED DESCRIPTION OF THE INVENTION when considered in 

conjunction with the accompanying drawing, wherein: 

Figure 1 shows IgG responses 2 weeks after initial immunization in 
the 6 human volunteers that constituted Group IV in the e3q)erimental 

20 inmiunization cholesterol from the above patent application. The individuals 

were immunized with 43% cholesterol liposomes as taught in the present 
disclosure and in the previous patent application. Each of the components 
was individually tested by ELISA for the appearance of IgG antibodies 
against the purified individual component. In the case of lipid A, the 

25 individuals were injected with liposomes containing monophosphpryl lipid 

A. The data are shown with preimmuiuzation values, if any, subtracted 
from the postimmimization values. Each serum was diluted 1/100 for 
ELISA analysis. Three of the six immunized individuals developed 
significantly increased levels of antibodies to cholesterol. Figure 1 

30 corresponds to Figure 9 from the U.S. Patent Application Serial No. 

07/601,090, entifled: "Encapsulated High-Concentration Lipid A 
Compositions as Immunogenic Agents To Produce Human Antibodies To 
Prevent Or Treat Gram-negative Bacterial Infections" by Alving and Swartz 
filed on 22 October 1990. 

35 
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Vn. DETAILED DESCRIPTION OF THR INVENTION AND 
EXAMPLES 

The woddng example set forth below illustrate, without any implied 
5 limitation a vaccine useful for the immunization of humans against 

cholesterol. This vaccine is useful for immunizing or hyperimmunizing a 
human against cholesterol, which vaccine comprises as an active ingredient 
A. a delivery vehicle and B. either, (i) cholesterol; or (ii) cholesterol and an 
adjuvant; or (iii) cholesterol, phosphatidyl choline on an adjuvant; or (iv) 
10 cholesterol, dimyristoyl phosphatidyl choline and an adjuvant; or (v) 

cholesterol and phosphatidyl choline; or (vi) cholesterol and dimyristoyl 
phosphatidyl choline. 



15 



30 



EXAMPLE 



An experiment is currently underway to determine the possible 
feasibility of ameliorating diet-induced hypercholesterolemia and 
atiierosclerosis in rabbits. Groups of rabbits are being immunized while 
other groups arc not being immunized against cholesterol; at least one group 
20 of immunized and one group of nonimmunized rabbits will be fed a diet rich 

in cholesterol. It is our prediction that the immunization process will 
ameliorate the hypercholesterolemia and atherosclerosis that is expected to 
be produced by the cholesterol-rich diet and that this will reduce to practice 
the invention that is herein disclosed. The experimental results from the 
25 rabbit experiment described below provides substantive evidence in support 

of our prediction by demonstrating tiiat tiie 1% cholesterol diet causes a 
dramatically increased serum cholesterol level within 1 week (6 weeks after 
immunization in tiiose rabbits that were immunized), and die cholesterol 
continues to rise over the second week (7 weeks after initial immunization 
was started in die immunized animals). However, die increased level of 
diet-induced cholesterol was die 30% less elevated in the animals (Group H) 
that were immunized against cholesterol (see the Table herein). 
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Rxperimental Diets 

At week 6, tfie e>5)erimental diets were initiated. The diets consisted 
either of ordinary rabbit chow or a 1% cholesterol diet (obtained from 

5 Bioserve)- Four groups and two subgroups of animals were employed: 

Group 1, 4 rabbits, not immunized, fed normal diet; Group Ha, 4 rabbits, 
iimnunized intramuscularly, fed 1% cholesterol diet; Group lib, 2 rabbits, 
immunized intravenously, fed 1% cholesterol diet; Group m, 4 rabbits, not 
immunized, fed normal diet; Group IVa, 4 rabbits, immunized 

10 intramuscularly, fed normal diet; Group IVb, 2 rabbits, immunized 

intravenously, fed normal diet. 

In addition to the above teaching with rabbits, it is now evident that 
even liposomes containing 43% cholesterol (using liposomes as taught 
15 above and in the prior art described above) also can induce antibodies to 

cholesterol in a limited number of individual humans. 

It appears that the 71% cholesterol liposomes will be superior to Ae 
43% cholesterol liposomes as the basis of a vaccine to induce antibodies to 

20 cholesteroL This conclusion is drawn from the fact that only a small number 

of the individual humans immunized with liposomes containing 43% 
cholesterol developed antibodies to cholesterol [see Fig. 1, which is derived 
from the previous U.S. Patent Application Serial No. 07/601,090, entided: 
''Encapsulated High-Concentration Lipid A Compositions as Immunogenic 

25 Agents To Produce Human Antibodies To Prevent Or Treat Gram-negative 

Bacterial Infections" by Alving and Swartz filed on 22 October 1990, the 
la;tter of which is a continuation-in-part of U.S. Patent Application Serial 
No. 07/202,509 filed June 2, 1988 (A Vaccine For Induction of Immunity 
to Malaria)}. The contrast, approximately 70% of spleen cells from mice 

30 immunized with 7 1% cholesterol were producing antibodies to cholesterol 

[Swartz et aL, Antibodies to cholesterol. Proc. Nat Acad Sci. 85:1902- 
1906, 19881 and Alving et al., [U.S. Patent No. 4,885,256 issued 5 
December 1989]. 

35 Based on die prior art it is evident that cholesterol is highly 

immunogenic and the inomunogenicity is enhanced both by adjuvants (e.g., 
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microliters of goat anti-mouse IgN (micro-chain) alkaline phosphatase 
conjugate (Kirkegaard and Perry Laboratories, Gaithersburg, MD) at 1 
microgram ml in PBS containing 10- FBS was added to the wells and 
incubated 1 hour at room temperature. Plates were again washed three times 
for 5 minutes each PBS. Fifty microliters of the substrate, p-nitrophenyl 
phosphate at 2 mg/ml in diethanolamine buffer (Kirkegaard and Perry 
Laboratories) was added to the well and incubated 30 minutes at room 
temperature. Plates were scanned for optical activity at 405 nm using a 
Titertek Multiscan (Flow Laboratories), Values reported were adjusted by 
subtracting value in blank wells that lacked both antigen and monoclonal 
antibody. 

Immunization Prntncnl 

Four groups of rabbits were either immunized with liposomes 
' containing 71 mol% chol, or were not immunized. Immunization was 
performed either intramuscularly or intravenously every two weeks for 6 
weeks. The inununization procedure routinely induced antibodies to 
cholesterol in rabbits, as determined by ELISA or by complement-induced 
immune damage to high-cholesterol liposomes as taught by Swartz et al., 
Antibodies to cholesterol. Proc. Nat, Acad, Sci. 85:1902-1906. 1988, and 
Alving et al., U.S. Patent No. 4,885,256 issued 5 December 1989. 

The immunization of human subjects with 43% cholesterol 
liposomes was conducted as part of the testing of tiie efficacy of a vaccine 
for induction of antibodies to malaria antigen and antibodies to lipid A, as 
taught by the previous disclosure entitled: "Encapsulated High- 
Concentration Lipid A Compositions as Immunogenic Agents To Produce 
Human Antibodies To Prevent Or Treat Gram-negative Bacterial Infections" 
by Alving and Swartz that is currentiy being prepared as a U.S, patent 
application, the latter of which is a continuation-in-part of U.S. Patent 
AppUcation Serial Number 07/202,509 filed June 2, 1988 (A Vaccine For 
Induction of Immunity to Malaria. Anti-cholesterol antibodies induced were 
detected in Group IV and are illustrated in the accompanying Figure. 
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METHODS 
Liposomes 

Liposomes are being manufactured by standard methods in which 
liposomes loaded with cholesterol (containing 71% cholesterol) and also 
containing lipid A as an adjuvant are prepared for injection as taught by 
Swartz et al. [Antibodies to cholesterol. Proc, Nat. Acad. Sci. 85:1902- 
1906, 1988] and Alving et al, [U.S. Patent No. 4,885,256 issued 5 
December 1989]. 



The liposomes used for inununization contained dimyristoyl 
phosphatidylcholine (DMPC)/cholesterol (chbl)/dimyristoyl phosphatidyl 
glycerol (DMPG)Aipid A (molar ratio 0.9/2.5/0.1/0.02 for rabbits, or 
0.9/0.75/0.1/0.02 for humans, where the molarity of lipid A refers to lipid 
15 A phosphate). The total dose of lipid A injected as part of the 71% 

cholesterol liposomes was 50 ug lipid A. The liposomal cholesterol 
concentration is described as a percentage, and this is calculated as mol % 
widi reference to (DMPC + DMPG); e.g., a cholesterol/(DMPC + DMPG) 
ratio of 0.75/1 is 43 mol%, and 2.5/1 is 71 mol%. 



Enzvme-linked Immunosorbent Assay flSLISA). 



ELISAs were performed by using crystalline cholesterol as an 
antigen on the bottoms of the wells of microtiter plates. Chrystalline 

25 cholesterol was coated onto the surface of wells in polystyrene plates 

(Immunlon 96, bottom, Dynatech Laboratories, Alexandria, VA) by 
addition of an ethanolic solution and evaporation of the solvent by air imder 
a fume hood. Places wwe further dried under high vacuum and stored at 
-30**C when not used the same day. Plates were blocked by addition of 

30 phosphate-buffered saline (PBS: 137 mM NaCl/2.7mM KCl/9.6mM 

phosphate, pH7.2) containing 10% heat-inactivated fetal bovine serum 
(FBS) (M.A, Bioproducts, Walkersville, MD). This was accomplished by 
washing die wells three times for 10 unn each. Fifty microliters of ascites 
fluid containing monoclonal antibodies, diluted in PBS containing 10% 

35 FBS, was added to the wells and incubated 1 hr at room tenqjerature. Plates 

were then washed three times for 5 minutes each with PBS. Fiftv 
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lipid A or other adjuvants) and by the epitope density of cholesterol used for 
immunization. It should be possible to achieve the combination of high 
epitope densities of cholesterol together with adjuvants by a variety of 
carrier mechanisms, including microcapsules, microspheres, lipospheres, 
5 high density conjugation or association of cholesterol with proteins or other 

macromolecules, natural sources of high cholesterol (such as organisms 
such as mycoplasma that have the capacity to accumulate cholesterol). It is 
presumed that any established method for inducing antibodies to particulate 
substances or macromolecules theoretically could be adapted to inducing 
10 antibodies to cholesterol. 

Experimental Results 

Table 1. Reduction of Diet-Induced Hypercholesterolemia in Rabbits 
1 5 Immunized Against Cholesterol. 
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♦Data shovi^n are means of results (Group I, 4 rabbits; II, 6 rabbits; III, 4 
rabbits; IV, 6 rabbits). 

**The 1% cholesterol diet was initiated at the 5 week time point after 
starting the experiment 

***The immunization against cholesterol was initiated at 0 weeks. 
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The above results demonstrate that the high cholesterol diet 
invariably caused elevated s&njm cholesterol values. However, two weeks 
after initiating Ae diet (week 7) the elevation of cholesterol in the immunized 
group (Group II) was 30% less than the elevation of cholesterol in the 
nonimmunized group (Group I). 



SUBSTITUTE SHEET 



wo 92/10203 PCr/US91/09268 



13 

We Claim: 

1. A vaccine for immunizing or hyperimmunizing a human 
against cholesterol, which vaccine comprises as an active ingredient 

A, a delivery vehicle and 

B. either, 

(i) cholesterol; or 

(ii) cholesterol and an adjuvant; or 

(iii) cholesterol, phosphatidyl choline and an 
adjuvant; or 

(iv) cholesterol, dimyristoyl phosphatidyl choline 
and adjuvant; or 

(v) cholesterol and phosphatidyl choline; or 

(vi) cholesterol and dimyristoyl phosphatidyl 
choline. 

2. A vaccine according to Claim 1 wherein the adjuvant is lipid 

A. 

3. A vaccine according to Claim 1 wherein the delivery vehicle 
is selected firom the group consisting of biocompatible-biodegradable, or 
biocompatible-nonbiodegradable liposomes, or polymers; slow release 
devices; and combinations thereof. 

4. A vaccine according to Claim 3 wherein the delivery vehicle 
is a liposome or polymer. 

A vaccine according to Claim 4 wherein the delivery vehicle 

A vaccine according to Claim 4 wherein the delivery vehicle 

A vaccine according to Qaim 4 wherein the delivery material 
35 is in the form of microcapsules. 



10 



30 



5. 

is a polymer. 
6. 

is a liposome. 
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8. A vacdne acxording to Qaim 4 wherein the delivery material 
is in the fonn of microspheres. 

9. A vaccine according to Qaim 2 wherein the delivery material 
is a slow-release device. 

10. A vaccine according to Claim 1 consisting essentially of 
phosphatidyl choline, cholesterol and a delivery vehicle. 

IL A vaccine according to Claim 1 consisting essentially of 
phosphatidyl choline, cholesterol, an adjuvant and delivery vehicle. 

12. A vaccine according to Claim 1 consisting essentially of 
phosphatidyl choline, cholesterol and a ddivery vehicle which contains lipid 
A. 

13. A vaccine according to Qaim 1 consisting of dimyristoyl 
phosphatidylcholine, cholesterol and a delivery vehicle. 

14. A vaccine according to Claim 1 consisting essentially of 
dimyristoyl phosphatidyl choline, cholesterol, an adjuvant and a delivery 
v^cle. 

15. A vaccine according to Claim 1 consisting essentially of 
cholesterol and a delivay vehicle. 

16. A vaccine according to Claim 1 consisting essentially of 
cholesterol, an adjuvant and a delivery vehicle. 

17. A vaccine according to Claim 3 consisting essentially of 
dimyristoyl phosphatidylcholine^ cholesterol and a delivery vehicle which 
concdns lipid A. 

18. A vaccine according to Claim 1 wherein the relative molar 
ratio between the cholesterol and phosphatidyl choline or dimyristoyl 
phosphatidyl choline is within the range of 1:1 to 1:2.5. 
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19. A vaccine according to Qaim 1 8 wherein the relative molar 
ratio between the phosphatidyl choline and cholesterol is 1:2.5. 

20. A vaccine according to Claim 18 wherein the relative molar 
ratio between the phosphatidylcholine, cholesterol and lipid A is 1:2.5:0.02. 

21 . A vaccine according to Claim 18 wherein the relative molar 
ratio between the dimyristoyl phosphatidylcholine and cholesteiol is 1:2.5. 

22. A vaccine according to Claim 18 wherein the relative molar 
ratio between the dimyristoyl phosphatidylcholine, cholesterol and lipid A is 
1:2.5:0.02. 



15 23. A therapeutic method for vaccinating a human against 

'cholesterol to prevent hypercholesterolemia or atherosclerosis, said metiiod 
comprising treating said human prior to the human having 
hypercholesterolemia or atiierosclerosis caused by serum cholesterol, with 
an amount of the vaccine of Claim 1 to result in passive prophylaxis. 

20 

24. A therapeutic method for vaccinating a human having 
hypercholesterolemia or atiierosclerosis caused by serum cholesterol, said 
method comprising treating said human witii an amount of the vaccine of 
Claim 1 effective to result in the suppression of serum cholesterol or 
25 amelioration of atherosclerosis. 
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